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Amphiphilic Star-Like Macromolecules for Drug Delivery 



Priority of Invention 

This application claims the benefit of the filing date of U.S. application 
Serial No. 60/304,965, filed July 12, 2001 and US. appUcation Serial No. 
60/333,310, filed November 23, 2001, under 35 U.S.C. § 119(e), the disclosures 
of which are incorporated by reference herein m their entirety 

Govemment Funding 

The invention described herein was made with government support 
under Grant Ntmiber 99-83272, awarded by the National Science Foundation. 
The United States Government has certain rights in the invention. 

Background of the Invention 

Currently, there is a need for methods for delivering pharmaceutically 
active agents to patients in need of the active agent. One method for delivery is 
to encapsulate an active agent, such as, for example, a hydrophobic molecule in 
a polymer molecule wherein the polymer has a core that is coupled to a plurality 
of hydrophobic rnoieties. 

Amphiphilic star-like macromolecules (ASMs) have been studied for 
drug delivery applications. (See, e.g., U.S. Patent Application Serial No. 
09/298729 filed April 23, 1999; U.S. Patent Application Serial No. 09/422,295, 
filed October 21, 1999, and Memational Patent Application USOO/10050 filed 
April 1 8, 2000.) The core-shell, amphiphilic structure of ASMs is covalentiy 
linked, which makes it thermodynamically stable as opposed to conventional 
miceUar systems. Previously, aromatic cores were incorporated within the ASM 
structure but proved to be cytotoxic vtpon its degradation. 
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Polymeric isodc^lles are a related type of ampMpMlic block copolymers. 
These iBiceUes Mye atfa'actedi att^tion as proimsing colloidal drug delivery 
systems (V. P, Torchilin J. Contfdlled. Release. 2001, 73, 137; C. Alien, et 
al.. Colloids and Surfaces B: Biointerfaces 1999, 16, 3; and H. Otsiika^ et al., 

5 Current Opinion in CoUpid & Interface Science 2001, 6, 3). In liiese colloidal 
systems^ the hydrophobic block lypically forms the core, essentially a 
"mic^ocontainer" for a lipophilic phannaceutical (K. Kataoka, et al., Adv. Drug 
Delivery Rev, 2001, 47, 1 13). The hydrophilic part forms the outer shell, 
stabilizing the interface between the core and the external aqueous wviromnent. 

1 0 Compared to traditional micellar systems, these polymeric surfactant-abased drug 
c^ers display apparent advantages such as lower critical mioelle concentration 
(CMC), improved bioavailability, reduction of toxicity, enhanced permeability 
across the physiological barriers, and substantial changes in drug biodistribution. 

Despite these advantages, the use of ASM's is somewhat limited, due 
IS to the difficulty in directing the release of the active ag^t at or near an 

appropriate target. Accordingly, there is a need for additional xnicellar systems 
and reverse iniceUar systems that possess some of the advantages associated with 
the thermodynamic stabMty of ASM's, but which can be used to direct active 
agents to specific targets. 

20 

Summary of the Invention 
The present invention provides a compound having fommla (I): 

R^-((R2)a^(R?V(RV(RV(R^«Dn © 

wherdzu 

25 a) is a core comprising a polyol or polyadd; 

each R iad^endenily is a dival^t or polyvalent group havmg the 
fonnula^X^-R^-(X' V* wherein X' and X^" are independently -C(=OK - 

2 
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C(=S)-, -N(R^)- or absent, and each is independently 

-<Ci.8)alkylaie-, branched -(CK8)alkylene- or -(C6-io)aryl-; a is 0 or an integer 
from 1 to about 10; and g is an integer from 1 to about 6; 

each R*^ independently is a divalent dicarboxylic acid moiely having the 
5 formula -C(=0)-R^-C(=0)-, wherein R^ is an alkylene or cycloalkylene group 
containing from 1 to about 1 5 carbon atoms, substituted with a total of from 1 to 
about 10 hydroxy groups, wherein one or more of the hydroxy groups of the 
dicarboxylic acid are acylated with an acid residue; and b is an integer from 1 to 
about 10; 

10 each R independ^tly is a divalent or polyvalent group having the 

formula -X^-R^°-(X^)h-, wherein is -C(=0)-, -C(^S)-, -0~, -^[(rV or 
absent; X^' is -C(<)>, -C(=S)., -0-, or -N(RV and R*^ is 
-(Ci^)alkylene-, branched -(Ci.8)al]sylene- or -(C6-io)aryl-; and c is 0 or an 
integer from 1 to about 1 0; and h is an integer from 1 to 6; 

1 5 each R^ independently is a groiq> having the formula: 

.R^^.(R^*)f-R^^-X^- 

wherein R^ ^ is a sugar moiety; or a poly(alkyiene oxide) or 
, poly(alkylene imine) group having the formula -(-X^-R^^)-; wherein R^^ is 
-(C2-4o)alkylene- or branched -(C3-4o)alkylene-; wherein each X^ is 
20 independently -C(=0)-, -C(=SK -N(RV or absent; each X^ is 

independently -0-, or -N(R^)-; and f is an integer from about 2 to about 150; 
and d is from 1 to about 6; 

each R is independently a bond, -(Ci-4o)alkylene- or branched 
■•(CMo)alkylene- groi5)s, wherein each R^^ is optionally substituted wifli one or 
25 more (e.g., 1, 2, or 3) ftmctional groups. The functional groups are -OH, -OR®, 
-NR"R^ -CO2H, ^SOsH (sulfo), -<mr-OH, --CH2-OR^ .CH2-O-CH2-R', and - 
CH2-NR'R^ and X^ is -0-, -S^, or -N(R>; 
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wherdn n is from 2 to 12; provided that a and b are not both z^; 
whereiQ each R is independentiy selected fiom the groiq) consisting of 
hydrdg^, and C(i.40)alkyl group, where the alkyl group can be a straight-chain 
or branched groiq); and and R^ are each ind^endently hydrogen (Ci^)alkyl, 
5 aryl, aryl(Ci.8)alkylaie; and 

R^ is hydrogen, are -OH, -OR*, -NR^R^ -CO2H, ^SOsH (sulfo), 
^CHaOH, -<:HrOR^ -CHsO^CHa-R'^-CHr-NR^^ or a targeting moiety; 
provided that at least one R^ group is a targeting moiet5^ and e is from 1 to about 
6: 

10 b) R^ is a cx>re comprising a polypi or polyadd; 

each R indepeadeaUy is a divalent or polyvalent grdi^ having the 
formula -X^-R ■ -(X^ wh^ein and X^^ are independently -C(=0)-, ^ 
C(=S>, -^0-:, -S-, -N(R V or absent^ and each R^ is independently 
-(Ci-8)alkylene-, branched -(Ci^)alkylene- or -(C6-io)aryl^; a is an integer from 1 

IS to about 10; and g is an intego: from i to about 6; 

ft 

each R independently is a divalent dicafboxyMc add inoiety having the 
formula -C(==0)-R^^G(^OK wherein R^ is £in alkylene or c^cloalkyleae group 
containing from 1 to about 15 carbon atoms, substituted with a total of from 1 to 
about 10 hydroxy grotq>s, wherein one or more of the hydroxy groups of the 
20 dicarboxylic add are acylated with an add residue; and b is an integer fiom 1 to 
about 10; 

each R"^ independently is a divalent or polyvalent group having the 
formula -^^^QS^^r. wherein X^ is -C(=OK -C(-S)-, -O^, -S^, -N(R^)- or 
absent; X^' is -C(=OH -C(-SK -CK, -S-, or --N(rV and R^^ is 
25 -(Ci^)alkyleae-, branched -(Ci^)alkylme- or '■(C6.io)aiyl-; and c is 0 or an 
integer from 1 to about 10; and h is an integer from 1 to 6; 

each R^ independently is a group having the formula: 

-r^^-(r^Vr^^"X^- 

4 
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wherein R is a sugar moiety; or a poly(alIi^etie oxide) or 
poly(alkyleae imine) group having the formula -(-X^-R^^)-; wherein R*^ is 
-(C2-4o)alkylene- or branched -(C3-4o)alkylene-; wherein each is indq)endeatly 
-C(=0)-, -C(=S)-, -0-, -S-, -N(RV or absmt; each X* is independently -O, 
5 or-"N(RV; aJid f is an integer from about 2 to about 150; and d is from 1 to 
about 6; 

each R-^ is independently a bond, -(Ci^)alkylene- or brailched 
"(Ci-4o)alkylene- groups, wherein each R^^ is optionally substituted with one or 
more (e.g., 1, 2, or 3) fimctional groups. The frmctional groups are -OH, --0R^ 
10 -NR'r\ -CO2H, ^SOaH (sulfo), ^HrOH, -€HrOR', -CH2-O-CH2-R', and - 
CHz-NR'R^ and X^ is -0-, -S-, or -N(RV; 

* 

wherein n is from 2 to 12; provided that a and b are not both zero; 
wherein each R is independently selected from the group consisting of 
hydrogai, and C(i-40)alkyl group, where the alkyl group can be a straight-chain 
15 or branched group; and R" and R'' are each independently hydrogen (Ci-8)alkyl, 
aryl, aryl(Ci-«)aIkylene; and 

R^ is hydrogen, are -OH, -OR*, -NR"R^ -CO2H, -SO3H (sulfo), 
-CH2-OH, -CHr<)R^ -CH2-0-CH2-R',-CH2-NR*R^ or a targeting moiety; and 
e is from 1 to about 6: 

20 c) R^ is a core comprising a polyol or polyadd; 

each R independently is a divalent or polyvalent group having the 
formula -X^-R^-(X^ wherein X^ and X^^ are independently -C(=0)-, - 
C(=S)-, -0-, -S-, -N(R^)- or absent, and each R^ is independently 
-(Ci-8)alkylene", branched -(Ci^)alkyiene- or -(C6-io)aryl-; a is 0 or an integer 
25 from 1 to about 10; and g is an integer from 1 to about 6; 

each R independently is a divalent dicarboxylic acid moiety having the 
formula -C(=0)-R^-C(-0)-, wherein R^ is an alkylene or cycloalkylene groiq) 
containing from 1 to about 15 carbon atoms, substituted with a total of from 1 to 
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fifljout .lO hydroxy groups, wherein one or more of the hydroxy groups of the 
dicarboxylic acid are acylated with aa add residue; and b is an integer fiom 1 to 
about 10; 

each R"* independently is a divalent or polyvalent groiq) having the 
5 formula -X^-R^^-(X%-, wherein is -C(=0)-, -C(=S>, -0-, -S-, -N(RV or 
absent; X^^ is -C(K))-, -C(=S)-, -O^, or-N(RV and R^^ is 
-(Ci-8)alkylene-, branched -(Ci-8)alkylene- or -(C6-io)aryl-; and c is an integer 
from 1 to about 10; and h is an integer from 1 to 6; 

each indqpeodeatly is a gFO\q> having the formula: 

10 -R*^-(R")fR'^-X^- 

> 

wherein R^ ^ is a sugar moiety; or a poly(alkylene oxide) or 
poly(alkylene imine) group having the formula -(-X^-R^^)-; wherein R^^ is 
-(C2^)alkylene- or branched -(C3^)alkylene-; wherein each X^ is independently 
-C(=0)-, -C(=S>i -N(rV oi absent; each X^ is independently 

15 or -N(R^)-; and f is an integer from about 2 to about 1 50; and d is from 1 to 
about 6; 

each R^^ is iadependently a bond, -(CMo)alkylene- or branched 
-(Ci-4o)alkylene- groups, wherein each R'^ is optionally substituted with one or 
more (e.g., 1, 2, or 3) functional groups. The functional groups are -OH, -OR^ 
20 -NR'R^ -CO2H, -SO3H (sulfo), -CHr-OH, -CH2-OR', -CH2-Q-CH2-R^ and - 
CHr-NR"R^; and X^ is ^O-, or ^N(rV; 

wherein n is from 2 to 12; provided that a and b.are not both zero; 
wherein each R is independently selected from the group consisting of 
hydrogen, and Qi. 40)allcyl group, where the alkyl group can be a straight-chain 
25 or branched group; and R^ and R*' are each independently hydrogen (Ci^)alkyl, 
aryl, aryl(Ci^)alkylene; and 



6 
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is hydrogen, are -OH, -OR", -NR^\ -CO2H, -SO3H (sulfo), 
-CH2-OH, -<MrOK\ 'Cn2-0'<M2'K\-<MT'i^%^ or a targetmg moiety; and 
e is from 1 to about 6: 

d) is a core comprisiiig a polyacid moiety having the formula 




14/ 













COR 




GOR 



or 

14 



14 



or a pentaerythritol polyol having the formula 



OR*" ; 



wherein each R independently is a divalent or polyvalent group having 
10 the formula -X^-R-CX^V^ wherdn and X^* are independently -C(0)-, - 
C(=S)-, -O--, -=N(R^)- or absent, and each R^ is independently 
-(Ci.8)alkylene-, branched -(Ci^)alkylene^ or ^C6.io)aryl-; a is 0 or an integer 
from 1 to about 10; and g is an integer from 1 to about 6; 

each R independently is a divalent dicarboxylic acid moiety having the 
1 5 formula -C(=0)-R^-C(=0)-, wh^dn R^ is an alkylene or cycloalkylene group 
containmg from 1 to about 15 carbon atoms^ substituted with a total of froin 1 to 
about 10 hydroxy gix)ups^ wherein one or moire of the hydroxy groups of the 
dicarboxylic add are acylated with an acid residue; and b is an integer from 1 to 
about 10; 

7 
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each R"^ independeiitly is a divalent or pdiyvalent grotrp having the 
fonania -•X^.R*°^^)h^ wherein is -C(=0)-, ^(=S)-, -O^, -N(RV or 
absent; is -G(=OH -C(=SK -S- or ^N(RV and R^^ is 
-(Ci^)alk54ene-, branched -(Ci-8)alkylene- or -(C6.io)aryls and e is 0 or an 
5 integer from 1 to about 1 0; and h is an integer from 1 to 6; 

each R indep^dently is a group having the fbfmula: 

^r^^-(r^Vr^--x- 

wherein R^ Ms a sugar moiety; or a poly(alkylene oxide) or 
poly(alkylene imine) group having the formula -(-X^-R^^)-; wherein R^^ is 
1 0 -(C2^)alkylene- or branched -(C3^)aliylene-; wherein each X- is independentiy 
-C(=OK -<:(=S)-, -O--, -N(R V Of absent; each X* is independently ^=0-, 
Of -N(RV; and f is an integer from about 2 to about 150; and d is from 1 to 
about 6; 

10 

each R is indepetidently a bond, -(Ci^)allg4me- or branched 
1 5 -(Ci>4o)alkylene- groups, wherdn each R^^ is optionally substituted mth one or 
more (e.g., 1^ 2, of 3) functional groins. The functional groups are -OH^ K)R^ 
-NR'R- , -GO2H, -SO3H (sulfo), K:;H2-0H, ^2-0R\ .G%OCH2-r , and - 
CHr-NR'R^ and Xf is -O, or -N(R>; 

wherein n is from 2 to 12; provided that a and b are not both zero; 
20 wherein each R is independently selected from the group consisting of 

hydrogen, and C(i-40>allcyl group, where the alkyl group can be a straight-chain 
or branched group; and R* and R^. are each independently hydrogen (Ci.8)allq^l, 
afyl, aiyl(Ci4)alkylene; and 

R^ is hydrogen, are -OH, -0R^ -NR^R^ -NH2. .CO2H, -SO3H (sulfo), 
25 -CH2-OH, -CH^-OR^ -CH2-0-CH2-R^K:H2-^IR'R^ or a targeting moiety; and 
e is from 1 to about 6^ 



8 
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Additionally, compounds of fonnula (I) having unsaturated bonds (e.g., 
in the fatty add or polyether groups), can be cross-linked to form covalently 
bonds in the hydrophobic portion. 

Accordingly, the invention provides a compound of formula (I) as 
5 described above. Such compounds of fonnula (1) are useful intermediates for 
preparing micelles that can be used in drug delivery applications and that can be 
cross-Unked to provide cross-linked macromolecules that are also useful in drug 
delivery applications. 

The invention also provides an encapsulate comprising a molecule 
1 0 surrounded or partially surrounded by a macromolecule of the invention. 

The invention also provides a method for preparing an encapsulate of 
the invention comprising combining compounds of fonnula (I) and a molecule 
(e.g., a therapeutic agent) in a solvent, and allowing the compounds of formula 
(0 to aggregate around the molecule, to provide the encapsulate the 
1 5 molecule surrounded or partially surrounded by compounds of formula (I)). 

The invention also provides a phannaceutical composition comprising 
an encapsulate of the invention a therapeutic agent sunounded or partially 
surrounded by compounds of formula (I)); and a pharmaceutically acceptable 
canier. 

20 The invention also provides a pharmaceutical composition comprising 

an enc^sulate of the invention (/.e., a therapeutic agent encapsulated in a cioss- 
. linked macromolecule); and a pharmaceutically acceptable carrier. 

The invention also provides a method for modulating the release of a 
therapeutic agent from a pharmaceutical composition comprising administering 
25 an encapsulate ofthe invention to an aiiimal in need of treatment The 

encapsulate can modulate the release of therapeutic agents by controlling the 
adsorption ofthe active agent encapsulated within the encapsulate throng the 
skin of the animal. 

9 
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The invention also provides a method for delivering a therapeutic agent 
to an animal in need of treatment wifli the agent comprising adnoinistering an 
enc^sulate of the invention comprising the agent to tiie animal. 

The invention also provides intermediates and processes usefiii for 
5 preparing compounds of formula (I) as described herein. 

The invention also provides for the use of a compound of fomiula (I) to 
prepare a medicament useful for treating or preventing an iUness or a disease. 

The invention also provides a method for using a compound of 
formula (I) to (a) sequester lipoproteins from macromolecular depots such as 

10 proteoglycans that heighten atherogenic tend^icies; (b) reduce lipoprotein 

oxidation (which leads to unregulated uptake of low-density lipoproteins (LDL) 
by macrophages, transforming Ihepa into foam cells, the precursors to 
atherosclerosis); and (c) mhance lipoprotein transport and clearance (via 
macrophages, and the liver). The compounds having formula (I) can be 

15 administered to a patient in need of reducing the concentration of lipoproteins 
and minimize cardiovascular diseases caused by the presence of excess LDL in 
the blood. 



Brief Description of the Figures 

20 Figures 1 and 2 illustrate representative reactions for attachiug the 

targeting moiety, biotin, to a polyalkyleiie oxide (R^) groiq). 

* 

Figure 3 illustrates a rqpresefitative reaction for acylation of a divalent 
dicarboxylic add moiety, (R group). 

Figure 4 illustrates a rq)resentative reaction for attaching groups to 
25 prepare a compound of the invention. 

Figure 5 illustrates two compounds that can be incorporated in the 

compounds of the invention as targeting moieties. 

10 
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Figure 6 iUiistrates a rqpreseiitatiye reaction for attaching a 
polyethylaie oxide (K ) group to prepare a compound of the inventioa 

Figure 7 illustrates a representative reaction for cross-linking the 
compounds of the invention having unsaturation in the groiQ)s to pr^are a 
5 covalently stabilized compound of the invention. 

Figures 8, 9, 10, and 1 1 illustrate represmtative compounds of the 
invention. 



Detailed Description 

10 As used herein the term "polyol" includes straight chain and branched 

chain aliphatic groups, as well as mono-cyclic and poly-cyclic aliphatics, which 
are substituted with two or more hydroxy groups, A polyol tjrpically has ftom 
about 2 carbons to about 20 carbons; prefi^ably^ firom about 3 carbons to about 
12 carbons; and more preferably from about 4 carbons to about 10 carbons, A 

1 5 polyol also typically comprises from about 2 to about 20 hydroxy groups; 

preferably from about 2 to about 12 hydroxy groups; and more preforably &om 
about 2 to about 10 hydroxy groups. A polyol can also optionally be substituted 
on a caifoon atom with one of more (e.g., 1 , 2, or 3) c^rboxy groupis (GOOIQ. 
These carboxy groups can conveoiently be used to link the polyol to the 

20 polyether in a compound of fordiula (I). 

Polydls that are suitable for use as the pplyqpLer core are nearly 

linutless. Ahphatic polyols having from 1 to 10 carbon atoms and from 1 to 10 

hydroxyl groups may be used^ including ethylene glycol^ alkme diols, alkyl 

glycols, alkylidene alkyl diolss alkyl cycldalkane diols, 1,5-decaiindiol, 4,8= 

25 bis(hydroxymethyl)tricyclodecane, cycloalkyUdetie diols, dihydiqxj^ailes, 

trihydroxyalkanes, and the like. CycloaUphatic polyols may also be employed^ 

including straight chained or closed^ring sugars and sugar alcohols^ such as 

mannitol, sorbitol, inositol, xylitolj quebrachitolj threitol, arabitol, erythritol, 

11 • 
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adonitol, dulcitol^ fucose, ribose, arabinose» xylose, lyxose, rhanmose, galactose, 
glucose, fiiicfose, sorbose, mannose^ pyranose, altipsp, talose, tagitose, 
pyranosides, sucrose, lactose, malto$e, and the like. Additional examples of 
aliphatic polyols include derivatives of glyceraldehyde, glucose, ribose, 
5 tnannose, galactose, and related stereoisomers. 

Other polyols that may be used include cyclic crown ethers, 
cyclodextrines, dextrines and other carbohydrates such as starches and amylose. 
Alkyl groups maybe straight-chained or branched, and may contain fixnn 1 to 10 
carbon atoms. 

1 0 The t^m **polyacids" as used herein include compounds which have 

two or more acid groxips per molecule. Preferably, the polyadd is a dibasip, 
tribasic or polybasic carboxylic acid functional compound. The polyadd can 
generally be ahphatic, cycloaliphatic or aromatic. Examples of polyadds 
include compound such as cyclodextrans and calerixane. 

15 Specific R groups are foiiQed firom di-caiboxyUc adds contaiiung 

from 1 to about 10 carbon atoms and substituted with from 1 to about 10 
hydroxyl groups. The mono-or di^carboxylic add may be a straight chained or 
branched chained aliphatic, or a mono-cyclic or poly-^cyclic aliphatic compound. 
Suitable dicacboxylic acids include mucic acid, malic add, dtromalic add, 

20 alkylmalic acid, hydroxy derivatives of glutadc acid, and alkyl glutadc adds, 
tartadc acid, dtric add, hydroxy derivatives of rumadc add, and the like. 
Suitable monocarboxylic adds include 2,2-(bis(hydroxymethyl)propiomc acid, 
and N-[frw(hydroxymethyl)methyl]glycine (tricine). 

■ 

Specific "sugar moieties" iaclude monosaccharides, disacdiarides, 
25 trisaccharides, and polysaccharides. Non-Limiting examples of sugar moieties 
include straight chained or closed-ring sugars and sugar alcohols, such as, for 
example, mannitol, sorbitol, inositol, xylitol, quebrachitol, tbreitol, arabitol, 
erythritol, adonitol, duldtol, fiicose, ribose, arabinose, xylose, lyxose, rhanmose. 



12 
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galactose, glucose, fructose, soibose, mannose, pyranose, altrose, talose, 
tagitose, pyranosides, sucrose, lactose, maltose, and the like. Additional 
examples of aliphatic polyols include derivatives of glycoraldehyde, glucose, 
ribose, mannose, ^actose, and related stereoisomers. Preferred sugar moieties 

5 are glucose, sucrose, fructose, ribose, and the Hke, and deoxy sugars such as 
deoxyiibose, and tiie like. Saccharide derivatives can conveniently be prepared 
by methods known to the art. Examples of suitable monp-saccharides are 
xylose, arabinose, ribose, and ttie like. Examples of di^saccharides are maltose, 
lactose, sucrose, and the like. Examples of suitable sugar-alcohols are ^rythritol, 

10 soxbitol, and the like. 

As used herein, the term polyethef includes poly(alkylene oxides) 
having between about 2 and about 150 repealing units. Typically, the 
poly(alkylene oxides) have between about 50 and about 110 repeating units. The 
alkylene oxide units contain from 2 to 10 carbon atoms and may be straight 
15 chained or branched. Preferably, the alkylene oxide units contain from 2 to 10 
carbon atoms. Poly(ethylene glycol) (PEG) is preferred. Alkoxy-, amino-, 
carboxy-, and sulfo^terminated poly(alkylene oxides) are jpreferred. 

In a compound of formula (I), a poly(alkylene oxide) can be linked to a 
polypi, for example, througjb an ether, thioether, amine, ester, thioester, 
20 tfaioamide, or aipide linkage. Preferably, a poly(alkylene oxide) is linked to R 
by an ester or amide linkage in a compound of formula (J). 

As used herein, the t^m polyimine includes poiy(alkylene iinines) 
liaving between about 2 and about 150 repeating units. Typically, the 
poly(alkylene irnines) have between about SO and about 110 repeating units. 
25 The alkylene inune units contain from 2 to 10 carbon atoms and may be straight 
chained or branched. Preferably, the alkylene imine units contain from 2 to 1 0 
carbon atoms. Poly(ethylene imine) (PEI) is preferred. Alkoxy-, anuno-, 
carboxy-, and sulfo-terminated poly(alkylene imines) are preferred. 
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In a compound of formula (I), a poly(alkylene imine) can be linked to a 
polyol, for example, through an ether^ thioether, amine, ester, thioester, 

• • 3 

thioamide, or amide linkage. Preferably, a poly(alkylene imine) is linked to R 
by an ester or amide linkage in a compound of formula (I). 

5 As used herein, the term **taf geting moiety" refers to groups that have 

an ability to direct the encapsulated active agoits to a site where the activity 
from the active agent is desired. In the present invention the j^lymers can have 
one or more targeting moiety. Non-limiting examples of targeting moieties 
include but are not limited to groups such as, for example, -CO2H, -SO3H 
10 (sulfo), -NH2, or groups derived from compounds such as, for example, biotin, 
streptavidin, sugar moieties, folic acid, amino acids and peptides. 

As used herein, the term fatty acid includes fatty adds and fatty oils as 
conventionally defined, for example, long-chain aliphatic adds that are found in 
natural fats and oils. Fatty adds typically comprise from about 2 to about 24 

1 5 carbon atoms. Preferably, fatly acids comprise from about 6 to about 1 8 carbon 
atoms. The term "fatty acid" encompasses compounds possessing a straight or 
branched aUphatic chain and an add group, such as a carboxylate, sulfonate, 
phosphate, phosphonate, and the like. The "fifty add*' compounds are capable 
of "esterifying*' or formiag a similar chemical linkage with hydroxy groups on 

20 the polyol. Examples of suitable fatty acids include c^rylic, capric, lauric, 
myristic, myristoleic, palmitic, palmitoleic, stearic, oldc, linoleic, eleostearic, 
arachidic, behenic, emdc, and like adds. Fatty adds can be derived from 
suitable naturally occurring or synthetic fatty adds or oils, can be saturated or 
unsaturated, and can optionally include positional or geometric isomas. Many 

25 fatty acids or oils are coimnercially available or can be readily prepared or 
isolated using procedures known to those skilled in the art. 

As used herein the term "amino add," comprises the residues of the 

natural amino adds (e.g. Ala, Arg, Asn, Asp, Cys, Glu, Gin, Gly, His, Hyl, Hyp, 

He, Leu, Lys, Met, Phe, Pro, Ser^ Thr, Trp, Tyr, and Val) in D or L form, as well 
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as unnatural amino adds (e.g. phosphoserine, pHosphdfhreonine, 
phosphotyrosine, hydroxyproline, ^mma-carboxyglutamate; hippuric add, 
octahydromdole-2-caiboxylic add, statine, l,23,4rtetealiydroisoqiimolme"3- 
carboxylic add, penidllamine, oiiuthme, dtruline, a-methyl-alanine, para^^ 
5 benzoylphenylaianine, phenylglydne, propargylglydne, sarcosine, and tert- 
butylglycine). Ite term also comprises natural and unnatural amino adds 
bearing a conventional amino protecting group (e.g, acetyl or 
brazyloxycarbonyl), as well as natural and unnatural amino adds protected at 
the carboxy terminus {e.g., as a (Ci.C^)alkyl, phenyl or benzyl ester or aniide; 

10 or as an *- methylbenzyl amide). Otiier suitable amino and carboxy protecting 
groups are known to those skilled in the art (See for example, T.W. Greene, 
Protecting Groups In Organic Synthesis; Wiley: New York, 1981, and 
references dted therein). An amino acid can be linked to the remainder of a 
compound of formula I through the carboxy terminus, the amino terminus, or 

15 through any other convenient point of attachment, such as, for example^ through 
the sulfur of cysteine. 

As used herein, the term "peptide" describes a sequence of 2 to 25 
amino acids (e.g., as defined hereinabove) or peptidyl residues. The sequence 
may be linear or cycUc. For example, a cyclic peptide can be prepared or may 

20 result firom the formation of disulfide bridges betweoa two cysteine residues in a 
sequence. A peptide can be linked to the remainder of a compound of formula I 
through the carboxy tem^nus, the amino terminus, or through any other 
convenient point of attachment, such as, for example, through the sulfur of a 
cysteine. Preferably a peptide comprises 3 to 25, or 5 to 21 amino acids. 

25 Peptide derivatives can be prepared as disclosed in U*S. Patent Number$ 

4,612,302; 4,853,371; and 4,684,620. Peptide sequences specifically redted 
herein are written with the amino terminus on the left and the carboxy terminus 
on the right. 
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It is understood that in the compounds of the invention where R is a 
polyvalent moiety one valence is attached to and each of the other Valences is 
attached to a group having the formula -(R^)b-(R\-(R^)d-(R^e where each R^, 
R"*, R^, R^, b, c, d, and e independently have the meanings described herein 
above. 

It is understood that in the compounds of the invention where R"^ is a 
polyvalent moiety one valence is attached to R and each of the other v^ences is 
attached to a group having the formula -(R^)d-(R^e where each R^, R^, d, and e 
independently have the meanings described herein above. 

As used herein, a '^cross-linked macromolecule" means a micelle that 
has been cross^linked to provide a covalently cross-Knked structure* 

As used herein, the term -encapsulate" means a composition, having a 
molecule (eg., a therapeutic agent) surroundjed or partially surrounded by at 
least one compound of formula (I). The term encapsulate includes structures 
wherein the compound of formula (I) has been cross-linked, as well as structures 
wherein the compound of formula (I) has not beeii cfoss^linked. 

The compounds of formula (I) that comprise unsaturated boiids can be 
cross-linked to form more stabilized polymers, which comprise a compound of 
formula (I) that have been covalently linked. 

Typically, the polymers of the invention have a diameter of firom about 
10 xmi to about 1000 imi. The diamet^ can be measured using any suitable 
analytical technique, such as, for example, dynamic Ught scattering. 

Compounds of formula (I) can be used for drug solubilization, 
jfragrance encapsulation, passive and active targeting for drug deUvery, waste 
water treatment^ enhanced capillary electrophoresis activation, and induction of 
protein crystallization. 

* 

Accordingly, as used herein, the term '"molecule" includes any 

compound that can be incorporated into a polymer or a cross-linked polymer as 
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described herein. Typically, "molecules'* have solubility properties that are 
imdesirable and that can be modified by incorporation into an amphiphilic 
polymer or a cross-linked polymer of the invention. For example, the term 
'Molecule" includes therapeutic agents, insecticides, p^cides, herbicides, 
antiseptics, food additives, fragrances, dyes, diagnostic aids, and the like. Other 
specific examples of molecules include, but are not limited to: 

abietic add, aceglatone, acenaphthene, acenocoumarol, acetohexafnide, 
acetomeroctol, acetoxolone, acetyldigitoxins, acetylene dibromide, acetylene 
dichloride, acetylsalicylic acid, alantolactone, aldrin, alexitol sodium, allethrin, 
allylestrenol, allyl sulfide, alprazolam, aluminum bis(acetylsalicylate), 
ambucetamide, aminochlothenoxaziii, aminoglutethimide, amyl chloride, 
androstenediol, anethole trithone, anHazine, anthralin, Antimycin A, 
aplasmomydn, arsenoacetic add, asiaticoside, astemizole, aurodox, 
aurothioglycanide, 8-azaguanine, azobenzene; 

baicalein. Balsam Peru^ Balsam Tolu, barban, baxtrobin, bendazac, 
bendazol, bendroflumethiazide, benomyl, benzathine, benzestrol, benzodepa, 
benzoxiquinone, benzphetamine, benzthiazide, benzyl benzoate, benzyl 
cinnamate, bibrocathol, bifenox, bin^aoyl, bioresmethrin, bisabolol, bisacodyl, 
bis(chlorophenoxy)methane^ bismuth iodosubgallate, bismuth subgallate, 
bismuth tamiate, Bispheaol A, bithionolj bomyl, bromoisovalerate, bomyl 
chloride, bomyl isovalerate, bomyl salicylate, brodifacoum, bromethalin, 
broxyquinoline, bufexamac, butainirate^ butethal, buthiobate, butiated 
hydroxyanisole, butylated hydroxytoluene; 

calcium iodostearate, caldum sacdiarate, calcium stearate, capobenic 

add, captan, carbamazepine, carbocloral, carbophenothin, carboquone, carotene, 

carvacrol, cephaeline, cephalin, chaulmoogfic add, chenodiol, chitin, chlordane, 

chlorfenac, chlorfenetiiol, cUorothalonil, chlorotrianisene, chlorprothixene, 

chlorquinaldol, chromoiiar^ dlostazol^ dnchonidine, dtral, cUnofibrate, 

dofazimine, clofibrate, cldflucatban, donitrate, clopidol, clorindione, 
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cloxazolam, cx)roxoii9 carticosterone, coumachlor, coumaphos, coumithoate 
cresyl acetate, crimidine, crifomate, cuprobam, cyamemazine, cyclandelate, 
cyclarbamate cymarin, cypennethril; 

dapsone, defosfemide^ deltamefhiin, deoxycorticocosterone acetate, 
5 desoximetasone, dextromorandde, diacetazoto, dialifor, diathymosulfone, 
decapthon, dichlofluani, dichloropheo, dichloiphenamide, dicofol, dicryl, 
dicmorol, dienestrol, diethylstilbestrol, difenamizole, dihydrocoddnone enol 
acetate, dihydroorgotamiiie, dihydromoiphine, dihydrotachysterol, dimestrol, 
dimethisterone, dioxathion, diphenane, N-(l,2-diphenylethyl)mcofinamide, 
10 dipyrocetyl, disulfamide, dithianone, doxenitoin, drazoxolon, durscpatite, 

edifenphos, emodin, enfenamic acid, erbon, ergocominine, erythrityl tetranitrate, 
erythromycin stearate, estriol, ethaverine, ethisterone, ethyl biscomacetate, 
ethylhydrocupreine, ethyl meathane caiboxamide, eugenol, euprodn, exalamide; 

febarbamate, fenalamide, fenbendazole, fenipentol, fenitrothion, 
15 fenofibrate, fenquizone, fenthion, feprazone^ fUlpin, iSlixic acid, floctafenine, 
fluaoisone, flumequine, fluocortin butyl, fluoxymesterone, flurothyl, flutazolam, 
fiimagillin, S-furfuryl-S-isopropylbarbitufic add, fusafunguae, glafenine, 
glucagon^ glutethinude, glybuthiazole, griseofulvin, guaiacol carbonate, guaiacol 
phosphate, halcinonide, hematoprphyrin, hexachlorophenej hexestrol, hexetidine, 
20 hexobaibital, hydrochlorothiazide, hydrocodone, ibiq>roxam, idebenone, 

indomethacin, inositol niadnate, iobeiizamic add, iocetamic acid, iodipamide, 
iomeglaznic add, ipodate, isometheptene, isdnoxin, 2-isovalerylindane- 1,3- 
dione; 

josamycin, 1 Uketoprogesterone, lanrocapram, 3-O-lauroylpyridoxoi 

25 diacetate^ lidocaine, lindane, linolenic acid, liolhyronine, lucensomycin, 

mancozeb, mandelic add, isoamyl ester, mazindol, mebendazole, mebhydroline, 

mebiquine, melarsoprol, melphalan, menadione, methyl valerate, 

mephenoxalone, mephentermine, mephenytoin, meprylcaine, mestanolone, 

m^tranol, mesulfen, metorgoline, methallatal, metliandriol> methaqualone, 3- 
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mefhylcholanthrene, mefhylphenidate, 17-mefhyltestosterone» metipranolol, 
min^jrine, myoral, nafialofo$» nafiopidil, naphthalene, 2-naphfhyl lactate, 2-(2- 
naphthyloxy)ethan01, naphthyl salicylate, naproxen, nealbarbital, nemadectin, 
niclosamide, nicoclonate, nicomoiphine, nifuroquine, nifuro^azide, nitracrine, 
5 nitromersol, nogalamycin, nordazepam, norethandrolone, norgestrienone; 

octavefine, oleandiin, oleic add, oxazepam, oxazolam, oxeladin, 
ox^vthazaine, oxycodone, oxymesterone, oxyphenistan acetate, paclitaxel, 
paraherquamide, parathion, pemoline, pentaeryfhritol tetranitfate, pentylphenol, 
perphenazine, phencarbamide, pheniramine, 2-phenyl-6-chlorophenol, 
1 0 phenthnethylbarbituric acid, phenytoin, phosalone, phthalylsulfathiazole, 

phylloquinone, picadex, pifarnine, piketopfen, piprozolin, pirozadil, plafibride, 
plaimotol, polaprezinc, polythiazide, probenecid, progesterone, promegestone, 
propanidid, propargite, propham, proquazone, protioDtamide, pyrunethaioinej 
pyrimithate, pyrvinium pamoate; 

15 quercetin, quiabolone, quizalofo-ethyl, rafoxanide, resciimamine, 

rociverine, ronnel salen, scarlet red, siccmn, simazine, simetfide, sobuzoxane, 
solan, spironolactone, squalene, stanolone, suoralfate, sulfabenz, sul&guanole, 
sulfasalazine, Sulfoxide, sulpiride, suxibuzone, talbutal, terguide, testosterone, 
tetrabromocresol, tetrandrine, thiacetazone, thiocolchicine, thiocfic add, 

20 thioquinox, thioridazine, thiram, thymyl N-isoamylcarbamate, tioxidazole, 
tioxolone, tocopherol, toldclate, tohiafiate, triclosan, triflusal^ triparanol; 

ursolic acid, valinomydn, ver^amil, vinblastine, vitamin A, vitamin 
D, vitanciin E, xenbucin, xylazine, zaltoprofen, and zearalenone. 
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R'^ cor 



14 




or 




A specific R^^ is aUcyL 



A mdre Sfpecdfic R*^ is metib^d, ethyl, of propyl. 



A more specific R^^ is methyl, or propyl. 



A specific polyol has the fonnula: 



OH 



HO' 



•OH 



OH 



10 



Specific R^ groups are derived fifom compoidids having the formula: 





NH2 HO 
or 
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More specific R groiips derived from compoimds having the 

ft 

O /==\ o 



formula: HO 




SM 





10 



15 



A Specific groups has tibe formula:, O 




NH 



A spedfic R~ ^ R^ combination is pentaeryfhritol tetrakis(3-^m< 
propionate) having the fonntila: 

0 n 



o- 




L 



^1 O 



L 



o o 



HoC P 9 ,-0 



o 



,0-' 
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o 



o 



or 




"3^ - Li-- 6 



A specific R^ group has the formula 



O OR 



16 



O OR^^OR**®© 





OR'^O or 



HO"^ Y Y 

q|^16qpj16 



wherein each R^^ is an alkanoyl group having from 2 to about 24 
carbon atoms. 

A specific R^^ group is an alkanoyl group having fi^om about 6 to about 
1 8 carbon atoms. 

A more specific R^^ group is an alkanoyl groiip having from about 8 to 
about 12 carbon atoms. 
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A more specific R group is 





HO^ ^ ^ ^ "OH 
OR'^^OR^® 

Specific R^ groups are derived from compounds having the foimula: 

/-ON /-OH 

5 Specific R^ groins are polyethylene ethers or polyethylene imines. 

Specific polyethylene ethers have alkylene oxide units containing from 
2 to about 10 carbon atoms. 

Other specific polyethylene ethors have the fonnula -(0-CH2-CH2)f- 
where f is an integer &om about 2 to about 150. 

10 More specific polyethylene ethers have the formula -(O-CHt-CRi)^ 

where f is an integer fi:om about 50 to about 110. 

Specific polyethylene imines have units containbg from 2 to about 10 
caibon atoms. 

Other specific polyethylene imines have the formula - 
15 (N(R^>CH2-CH2)r where f is an integer firom about 2 to about 150. 

More specific polyethylene imines have the formula - 
(NCR'^)-CH2-CH2)f where f is an integer from about 50 to about 110. 

Specific R^ group is an alkyl or aryl groups, biotin, strqptavidin, sugar 
moieti^, folic acid, amino acids and a peptides. 

20 A more specific R^ groins is the pqjtide Arg-Gly-Asp (R-G-D) or 

Tyr-De-Gly^er-Arg (YJ-G-S-R). 

A more specific R^ group is biotin, 
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The compoiinds of fhe inyeation can be prepared using procedtpres 
known to those skilled in the art A representative synthesis is illustrated in 
Scheme 1, below. 
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SCHEME 1 



COOH 



HOOC 




COOH + HzN-^^— ^OH 




O: 



FA^OCO 0C(0)^A 

o 




4 




FA-(0)CO oC(0)-FA 
O 



FA-(0)CO 



OC(0)-FA 




FA-(0)CO 0C(0)-FA 

O ^ 

o-^-'^^Yi 

FAKOCO o^oj^p^ 



OH 
OH 
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SCHEME 1 (cont.) 



HO-C(^KH2CHrCKCH2CH20)a-CH2CH2-OR^ 



FMO)CO oqO)-FA 

o 




.0-C(=0>-CH2CH2-0-(CH2CH2Q)a-CH2CH2-OR® 
^O-C(=O>-CH2CH2-O-(CH2CH2O)a-CH2CH2-0R® 

^0-C(=<))-CH2CH2-O-(CH2GH20)a-CH2CH^-0R^ 



8 



5 Triadd, 1, is reacted with three equivalents of 2-(4-amino-pheayl)- 

ethanol, 2, in the presence of a cou^Kng agent, dicyclocafbdiimide (DGC), to 
provide the tri-amide triol, 3. the triol is reacted with Mudc add fatty add ester 
(FA = a fatty add residue) to provide add, 5. (Each Y represents the 
corresponding group after completion of each reaction step.) Add, 5, is reacted 

10 with amine triol, 6, by activation of the carboxyUc acid with DCC, to provide 
triol amide, 7. Amide, 8, is reacted with a hydrophilic group such as, a 
polyethylene or a polyethylene imine to provide the macromolecule, 8.^ 

Schemes 2 and 2A illustmte tiie prqparation of the acylated compounds 
for use in R^, the hydrophobic portion of the compounds of the invention. The 
15 acids are reacted with an acyl halide, (e.g,, CH3-(CH2CH2)nC(=0)Cl, where m is 
from 2 to about 8) to provide the polyacylated products. Alternatively^ the acyl 
halide, (e.g., CH3-(CH2CH2)nC(=Q)Cl, or CH2=CH-(CH2CH2)pC(=0)a, where 
m is from 2 to about 8) is reacted with the add in the presence of pyridine to 
provide the polyacylated compounds. 
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SCHEME 2 




MA(x) 



TA(x) 



The macromolecailes of the invmtion are particularly useful for 
solubilizing hydrophobic molecules^ p^cularly therapeutic agents that are 

5 hydrophobie ia nature. Thus, according to one ^bodiment of the present 
invaation, a therapeutic agent is enc^sulated by combining the agent and a 
plurality of compounds of formula (I) in a solvent, such as wator. If the 
macroinolecule has unsaturated groups, the compounds of fonnula (I) can be 
cross-linked to provide an encapsulate of the invention wherein the therapeutic 

1 0 agent is encapsulated in a oross-Uiiked macromolecule. 

llie encapsulates of tile invention that comprise a therapeutic agent can 
be formulated as pharmaceutical compositions and administered to a mammalian 
host, such as a human patient in a variety of forms adapted to the choseu route of 
administration^ i.e*, orally or parenterally, by intravenous, intramuscular, topical 
15 or subcutaixeous routes. 

ThtiSj the encapsulates of the invention may be systemically 
administered, e,g., orally, in combination with a plmmaceutically acceptable 
vehicle sudi as an inert diluCTt Hieymaybe incoiporated directly with the 
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food of die patient^s diet For oral therapeutic admuiistration^ the encapsulates of 
the inveation may be used in the form of elims^ syrups,' and Ihe like. 

The compositions may also contain a sweetening agent such as sucrose, 
fructose, lactose or aspartame or a flavoiing ag^t such as peppennint, oil of 
5 wint^greeI^ or cherry flavoring niay be A ^^p or elixir may contain 

the active compound, sucrose or fructose as a sweetening agent, methyl and 
propylparabens as preservatives, a dye and flavoring sudi as chary or orange 
flavor. Of course^ any material used in preparing any unit dosage form should 
be pharmaceutically accqptable and substantially non-toxic in the amoimts 
1 0 CTiployed. In addition, the encapsulates of the invention may be incorporated 
into sustained^release prq)arations and devices. 

The encapsulate of the invention may also be administered 
intravenously or intraperitoneally by infusion or injection. Solutions of the . 
encapsulates can be prepared, for example^ in water. Under ordinary conditions 
1 5 of storage and use, these preparations may contain a preservative to prevent the 
growth of microorgamsms. 

The pharmaceutical dosage forms suitable for injection or infusion 
should be sterile, flmd and stable under the conditions of manufacture and 
storage. The prevention of the action of microorgamsms can be brought about 
20 by various antibacterial and antifungal agents, for example, parabens, 

chlorobutanol, phenol, sorbic add, thimerosal, and Hie like. In many cases, it 
will be preferable to include isotonic agents, for example, sugars, bu£Ea:s or 
sodium chloride. 

Sterile injectable solutions are prepared by incorporating the 
25 mcapsulates of the invention in the required amount in the appropriate solvent 
with various of the other ingredimte CTumorated above, as required^ followed by 
steriIi2ation. 
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Encapsulation of molecules according to the invention modifies 
transdermal delivery of the molecule. Absorption through the skin can be 
increased or d^eased by a factor of up to about 1000. Thus, the pharmaceutical 
dosage forms of present invention include dosage forms suitable for transdermal 
5 delivery, which, in addition to aqueous solutions, also include aqueous gels, llie 
dosage fonn may be applied directly to the skin as a lotion, cream or salve, or a 
transdermal drug delivery device such as a transdOTual patch may be employed, 
in which the encapsulated molecule is retained in the active agent reservoir of 
the patch. 

1 0 The dose and method of administration will vary from animal to anmal 

and be dependent upon such factors as the type of animal being treated, its sex, 
weight, diet, concurrent medication, overall clinical condition^ the particular 
therapeutic agent employed, the specific use for which the ag^t is employed, 
and other factors which those skilled in the relevant field .will recognize. 

15 Therapeutically effective dosages may be detemained by either in vitro 

or in vivo methods. For each particular dosage form of the present invention, 
individual determinations may be made to determine the optimal dosage 
required. The range of therapeutically effective dosages will naturally be 
influenced by the route of administration, the therapeutic objectives, and the 

20 condition of the patient. The determination of efifective dosage levels, that is, the 
dosage levels necessary to achieve the desired result, will be within the ambit of 
one skilled in tile art. Typically, application$ of agent are commenced at lower 
dosage levels, with dosage levels being increased until the desired effect is 
achieved. 

25 A typical dosage might range firom about 0.001 mg to about 1,000 mg 

of therapeutic agent, per kg of animal weight. Preferred dosage range from 
about 0.01 mg/kg to about 100 mg/kg, and more preferably firom about 0.10 
mg/kg to about 20 mg/kg. Advantageously, the dosage forms of this invention 
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may administered several times daily, and other dosage regimens may also be 
- useful. 

The compounds of fomiula (I), of the invmtion may also be used as 
thickening agents, lubricants, deterg^ts surfactants, plasticizers and anti-fouling 

5. agents. The compounds of formula CO, of the invention may be used as an 
emulsifying, dispersing or stabilizing agmt for dyes, cosmetics, pigment and 
pharmaceutical products. The compounds of formula (I), of the invention are 
particularly useful as an, emulsifymg, dispersing or stabilizing agent in the 
dyeing of textiles and for encapsulating dyes for cosmetics. The compounds of 

1 0 formula (I), of the invention are useful as lubricants and as a thickening agents 
for paints. The compoimds of formula (T), of the invention may also be 
employed as an emulsifying, di^etsing or stabilizing agent for components of 
photographic compositions and developers. 

For therapeutic applications, the preferred polymers of the invention 
15 hydrolyze into components known to be biocompatible, e.g., sugars, fatty acids, 
amino acids and poly(ethylene glycol). This also results in low cytotoxicity of 
the polymer and its hydrolysis products. The pol)^alkylene oxide) units enhance 
the immimogenidty of the enc^sulate, enabling the hydrophobic molecules to 
evade the body's immune syston, therd>y inqreasing the circulation time of the 
20 hydrophobic molecule. This allows for effective treatment with reduced 
quantities of the hydrophobic molecule, which, together wi& the enhanced 
immunogenicity, prevents or reduces the severity of incidents of toxic side 
effects. 

The following non-limiting examples set forth hereinbelow illustrate 
25 certain aspects of the invention. All parts and percentages are by weight unless 
otherwise noted and aU temperatures are in degree Celsius. 

All PEG'S were obtained fironi Shearwater Polymers (Birmingham, AL) 
and used without further purification. All other chemicals were obtained from 
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Aldrich (MUwaukee, WI),md i^ed without ftirtha: purification. Analytical 
grade solvents were used for all the reactions. Methylme cUoride, 
tetr^ydrofiffan (THF), Methylamine (TEA) and dimethylsulfoxide (DMSO) 
were distilled. 4-(dimethylaininG)pyridm p-tolu«lesulfonate 03PTS) was 
5 prepared as described by J.S. Mooire, S.L Stupp Macromolecules 1990, 23, 65. 
^H-NMR and spectra were recorded on a Varian 20Q MHz or 400 MHz 
speehometer. Samples (-5^10 mg/ial) were dissolved in CDCI3 or THF-d4, with 
the solvent used as an internal reference. IR spectra were recorded on a Mattson 
Series spectrophotometer by solvent casting samples onto a KBr pellet Thermal 
1 0 analysis data were detemiined on a Perkin-Ekner Pyris 1 DSC system, samples 
(--1 0 mg) were heated under dry nitrogen gas. Data were eoUected at heating and 
cooling rates of 5 ^C/rnin. Gel permeation chromatography (GPC) was 
performed on a Perkin^Elmer Series 200 LC sj^tem. Dynamic laser scattering 
(DSL) measurenienis were caciied on NICOMP particle sizing systems. 



15 



EXAMPLES 



Examples 1-3 Aeylation of Mudc Acid 

Example 1 Mucic Acid Propyl Ester 

To a lieat mixtufe of mucic add (4.2 g, 20 mmol) and propionyl 
20 chloride (1 8 ml, 200 mmol) was added ZnCl2 (0,28 g, 2.0 mmol). The reaction 
mixture was heated at reflux tenqperature for three hours. After coohng, diethyl 
elhOT(20ml) was added to the reaction rnixture and tile solution poured onto ice 
chips (approximately 100 g) with stirring. Additional diethyl ether (80 ml) was 
added to the mixtufe and stirring continued for 30 minutes more. The ether 
25 portion was separated^ washed with water to a neutral pH, dried over anhydrous 
Na2S04 and evaporated to dryness. The cifude product was purifiled by 
re(aystallization from a cosolvent system of diethyl ether and methylene 
chloride, collected by vacuum filtratior^ washed by ice cold methylene diloride 
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and dried at lOS'^C. (12 hours) to constant weijght A white solid having a Tm of 
1 was obtained at a 56% yield. 

Example 2 Mucic Acid Hexyl Ester 

Mudc add hexyl ester was prepared as in Example 1, substituting 
5 ci5)royl chloride for propionyl chloride. A white solid having a Tm of 1 7 1 was 
obtained at a yield of 68%, 

Example 3 Mucic Acid Lauryl Ester 

Mudc add lauryl ester was prepared as in Example 1, substituting 
lauryl chloride for propionyl chloride. A white solid having a Tm of 145°C was 
10 obtained at a yield of 65%. 

Examples 4-6 Preparation of Polymer Core 

Example 4 Propyl Ester 

The mucic acid propyl ester of Example 1(6.0 mmol) and l,l,l-tris(4*- 
hydroxypheaiyl)ethane (0.51 g, 1.7 mmol) were dissolved in anhydrous ethyl 

15 ether (150 ml). To the reaction mixture, a solution of DCC (1.2 g, 6.0 mmol) and 
DMAP (0.74 6.0 mmol) in 25 ml methylene diloride was added dropwise. 
After 15 minutes, the DCC side-product (dicyclohexylurea) was removed by 
suction filtration. The filtrate was washed with 20 ml portions of 0.1 N HCL (2x) 
and brine (4x), dried over anhydrous Na2S04, and evaporated to dryness. Hie 

20 crude product was purified by flash chromatography using ethyl ether: me^anol: 
acetic acid (90:5:5) as eluent. A white solid having a Tm of 158°C was obtained 
at 58% yield. 

Example 5 Hexyl Ester 

The hexyl ester core molecule was prq)ared according to the method of 
25 Example 4, substituting the mudc acid hexyl ester of Example 2 for the mudc 
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acid propyl ester. A wMte solid having a Tm of 147°C was obtained at 36% 
yield. 

Example 6 Lauryl Ester 

The lauryl ester core molecule was prepared according to the method of 
5 Example 4, substituting the mudc add lauryl ester of Example 3 for the mudc 
acid propyl ^er, A white $olid having a Tm of 136^C was obtained at yield of 
33%. 

Examples 7-11 Prq)afation of Final Polymers 

Example 7 Mudc Add Hexyl Estesf Core Polymer With Triethylene Glycol 
10 (TEG) Branches 

To a mixture of the core molecule of Example 5 (0.106 mmol) and 
methoxy^tOTninated triethylene glycol amine (0.351 imnol) in 20 ml of 
methylene chloride at room temperature, DCC (0351 nunol) and DMAP (0.351 
mmol) in 2 ml methylene chloride was added dropwise. After three days, the 

15 reaction mixture was evaporated to dryness, the residue dissolved into 20 inl 
meflianol, and the crude product predpitated from 400 ml petroleum ether at 
room temperature. The crude product was first purified by flash chf omatogr^hy 
using ethyl ether: melhanol: acetic acid (90:5:5) as eluent, then further purified 
by repetitive precipitation using methylme chloride as solvent and diethyl 

20 ether/petroleum ether as non-solvent. The ratio between methytoe chloride and 
ethCTS was progressively changed. A white solv«it was obtained having a Tm of 
31^, a Td of 220^C and Mw of 2,400 daltons at a yield of 15%. 

Example 8 Mudc Add Hexyl Ester Core Polymer With PEG 2000 Branches 

A mudc add hexyl ester core polymer with PEG 2000 branches was 
25 prepared according to the method of Example 7, substitating methoxy- 

terdainated poly(etbylene gjycol) amine (HaN-m^PEG 2000, Mw=2000) for the 
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methoxy-teOTinated triethylene glycol amine of Example 7. A white lolid was 
obtained having a Tm of 54^C and aMw of 9,400 daltons at a yield of 25%. 

Example 9 Mudc Acid Hexyl Ester Core Polymer With PEG 5000 Branches 

A mucic add hexyl est^ core polymer with PEG 5000 branches was 
5 prepared according to the method of Example 7, substitating me^oxy- 
t«minated polyCethylme glycol) amme (H2N-PEG 5000, Mw=5000) for tihie 
methoxy-tecminated triethylene glycol amine of Example 7. A white solid 
having a Tj^ of 61°C and a Mw of 17,800 daltons was obtained at 17% yield. 

Example 10 Mucic Acid Propyl Ester Core Polymer With PEG 5000 Branches 

1 0 Mucic add propyl ester core polymer with PEG 5000 branches was 

prq>ared according to the method of Example 9, substituting the mudc acid 
propyl ester core polymer of Example 4 for the mudc add hexyl ester core 
polymer. A white soUd was obtained having a Tm of 62Xr and a Mw of 17,000 
daltons at 30% yield. 

1 5 Example 1 1 Mudc Add Laliryl Ester Core Polymer With PEG 5000 

Brandies 

Mudc acid lauryl estar core polymer with PEG 500Q branches was 
prepared according to the method of Example 9, substitating the mudc add 
lauiyl ester core polymer of Example 6 for the mudc add hexyl est^ core 
20 polymer. A white solid was obtained having a Tm of 60°C and a Mw of 19, 1 00 
daltons at a yield of 45%. 

For the polymers of Exmiples 8-11, TGA showed two stages of 
decomposition. The first stage corresponded to cleavage of the core stmctures 
firoin the ethylme oxide chains (about 200**CO with the appropriate weight loss, 
25 and the second stage coiresponded to decomposition of tiie ethylene oxide chain. 
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Example 12 Encapsulation Studies 

Lidocaine (5p mg) and flie polymer of Example 9 (50 mg) were 
dissolved in 2.0 ml methylene chloride. The solution was evaporated to dryness 
and the solid residue extensively washed with hexane until lidocaine was no 
5 longer detected in the washings. The solid was dried under vacuum at 25*^0 for 
about 2 hours. A portion (5.0 mg) of this soM was dissolved into methanol (1 .0 
ml) to release flie entrapped lidocaine, and the lidocaine concentration was 
quantified by high pressure liquid chromatography (HPLC) according to a 
calibration curve generated fi-om a series of standard solutions ranging from 
10 0.005 to 0.5 mg/ml lidocaine. The linearity of the curve indicated a direct, 

proportional relationship between absorbance and lidocaine concentration. Using 
the equation of the lidocaine calibration curve, the amount of Udocaine 
entrapped in the unimolecular micelle core was determined. PEG with a 
molecular weight of 5,000 daltons was used as the HPLC control. 

15 Encapsulation number was defined as the amount of molecules that can 

be entrapped within the polyrnmc micelles. The values for the polymers of 
Example 9, 10 and 1 1 were 1.0, 0.7 and 1.6 weight %, respectively. The 
encapsulation number increased as the hydrophobicity of tiie polymer interior 
increased. 

20 The PEG arms of the polymers of the present invention thus fomi a 

hydrophilic shell that solubiliz^ the polymer in water, while the core forms a 
hydrophobic microenvironnment that encapsulates small hydrophobic molecules. 
Unlike conventional micelles, however, the polymeric micelles of the present 
invention are thennodynamically stable because of tiie covalent linkages 

25 betwem the polymer arms. The ability to encapsulate small molecules^ the 

enhanced solubihty and the lack of aggregation characterize the usefiiltiess of 

tiiese polymers as drag delivery systems. Candidate drags, of which there are 

many, have aromatic or heteroaromatic moieties and carbonyl functionalities 

(e.g., amides and carboxylates). The biocompatibility and biodegradabiUty of 
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these polymers further characterize their utUity for drug delivery. The excellent 
water-solubility of these polymers makes intravenous injection and oral 
administration of hydrophobic drug molecules possible. For controlled release 
applications^ the small size of these polymers, along with their enhanced 
5 thermodynamic stability, further characterizes their utility. 

All publications, patents, aod patent documents are incorporated by 
reference herein, as though individually incorporated by reference. The 
invention has been described with reference to various specific and preferred 
embodiments and techniques. However, it shoiild be understood that many 
1 0 variations and modifications may be made while remaining within the spirit and 
scope of the invention. 
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Claims: 



1. 



A compound having fomrula (T): 



R^KCRV(R')b-(RV(RV(R')e) 



'n 



0) 



• 10 



15 



20 



wherein R is a core comprising a polyol or polyacid; 

each independently is a divalent or polyvalent group having the 
formula -X^-R^-PC^V, wherein and X^^ are independently -C(=0)-, 



-(Ci.8)alkylene-, branched -(Ci-8)alkylene- or -(C6.io)aryls a is 0 or an 
integer from 1 to about 10; and g is an integer.from 1 to about 6; 

each R^ independently is a divalait dicarboxyUc acid moiety having 
the formula -C(=0)-R^-C(=0)-, wherein R^ is an alkylene or 
cycloalkylene group containing from 1 to about 15 carbon atoms, 
substituted with a total of from 1 to about 10 hydroxy groups, wherein 
one or more of the hydroxy groups of the dicarboxyUc acid are acylated 
with an add residue; and b is an integer from 1 to about 10; 

each R^ independently is a divalent or polyvalent groiq> having the 
fomiula -X^-R^^-(X2 V, wherein X^ is -C(=0)-, -C(=S)-, -0-, - 
N(rV or absent; X^ is -C(=0)-, -C(=S)-, -O, -S- or -N(rV and R^*^ 
is -(Ci^)alkylene-, branched -(CM)alkylene- or -(C6.io)aryl-; and c is 0 or 
an integer from 1 to about 10; and h is an integer from 1 to 6; 

each R^ independently is a group having the formula: 



is -(C2^)alkylene- or branched -(C3^o)alkyleQes wherein each X^ is 
independently -C(=0)", -C(=S)-, -S-, -N(R V or absent; each X* 



^(=S)., -O-, -N(R^)- or absent, and each R^ is independently 
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is independeEQtly -0-, or -N(R )-; and f is an integer from about 2 to 
about 150; and d is from 1 to about 6; 

each R^^ is independently a bond, -(Ci4o)alkylene- or branched 
-(CMo)alkylene- groups, wherein each R is optionally substituted with 
one or more (e.g., 1, 2, or 3) functional group; and is -0-, -S-, or — 
N(RV; 

wherein n is from 2 to 12; provided that a and b are not both zero; 
wherein each R is independently selected from the group consisting of 
hydrogen, and C(i.40)alkyl groitp, where the alkyl group can be a straight- 
chain or branched group; and R^ and R^ are ^h independently hydrogen 
(Ci-8)alkyl, aryl, aryl(Ci^)alkylene; and 

R^ is hydrogen, are -OH, -OR^ -NR^R^ -CO2H, -SO3H (sulfo), - 
CH2-OH, -CH2-OR\ -ai2-0-CH2-R',-CHr-NR'^l*' or a targeting 
moiety; provided that at least one R^ group is a targeting moietjr, and e is 
from 1 to about 6. 

A compound having formula (I): 

R^-((RV(RV(RV(RV(R')e)B (I) 

wherein R* is a core comprising a polyol or iK)lyacid; 

each R^ independently is a divalrat or polyvalent group having the 
formula -X*-R^-CX^V> wherein and X*^ are independently -C(=0)-, 
_C(=:S>, -S-, -N(R^)- or absent, and each R^ is independently 
-(Ci-8)alkylene-, branched -(Ci.8)alkylene- or -{C6-io)aryl-; a is an integer 
from 1 to about 10; and g is an integer from 1 to about 6; 

each R independently is a divalent dicarboxyUc acid moiety having 
the formula -C(=0)-R^-C(=0)-, wherein R^ is an alkylene or 
cycloalkylene group containing from 1 to about 15 carbon atoms, 
substituted with a total of from 1 to about 10 hydroxy groups, wherein 
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one or more of the hydroxy groi;Q>s of the dicarboxylic acid are acylated 
with an acid residue; and b is an integer fiom 1 to about 10; 

each R"^ independently is a divalent or polyvalent group having the 
formula -X^-R^^-pC^h-, wherdn is -C(=0)-, -C(=S)., -S-, - 
N(rV ot absent; X^ is -C(=0)-, -C(=S>, ~S- or-.N(RV and R*° 
is -(Ci-8)alkylene-, branched -(Ci^)alkylene- or -(C6.io)aryl-; and c is 0 or 
an integer from 1 to about 10; and h is an integer from 1 to 6; 

each R^ independenfly is a group having the formula: 

■.R*^"(R^*)rR^^-X^- 

wherein R^ ^ is a sugar moiety; or a poly(alkylene oxide) or 
poly(alkylene imine) group having the formula -(-X^-R^^)-; wherein R^^ 
is -(C2^o)alkylene- or branched -(C3^o)alkylene-'; wherein each X is 
independently -C(=OK -C(=S)-, -N(RV ox absent; each X^ 

is independently -0-, or -N(R^)-; and f is an integer from about 2 to 
about ISO; and d is from 1 to about 6; 

each R^^ is independently a bond, -(Ci^)alkylene- or branched 
-(Ci-4o)alkylene- groi^Sj wherein each R^^ is optionally substituted with 
one or more (e.g., 1, 2, or 3) functional groups; and X* is -0-, -S-, or - 

n(rV; 

wherein n is from 2 to 12; provided that a and b are not both zero; 
wh^ein each R^ is independently selected from the group consisting of 
hydrogen, and C(i.40)alkyl group, where the alkyl group can be a straight- 
chain or branched groi^; and R* and r"" are each independently hydrogen 
(Ci-8)allQ4, aryl, aryl(CM)aikylene; and 

R* is hydrogen, are -OH, -OR\ -NR''R^ -CO2H, -SO3H (sulfo), - 
CH2-OH, -CH2-OR', -CH2-0-CH2-R^-CH2-NR'^l'' or a targeting 
moiety; and e is from 1 to about 6. 

A compound having formula (I): 

38 



wherein is a core comprising a polyol or polyacid; 

each independeatly is a divalent or polj^alent group having the 
formula -X^-R^-pc^ V» wherein and X^^ are independently -G(=0)-, 
-C(=S)-, -0-, -S-, -N(R^)^ or absent, and each R* is indepeadmtly 
-(Ci-8)alkyleae-, branched -(Ci.8)alkylene- or -(C6-io)aryl-; a is 0 or an 
integer from 1 to about 10; and g is an integer from 1 to about 6; 

ft 

each R independently is a divalent dicarboxylic add moiety having 
the formula -C(=0)-R^-C(-0)-5 whereia R^ is an alkylene or 
cycloaUcylene group containing from 1 to about 15 carbon atoms, 
substituted with a total of from 1 to about 10 hydroxy groups, wherein 
one or more of the hydroxy groups of the dicarboxylic acid are acylated 
with an add residue; and b is an integer from 1 to about 10; 

each R'* independently is a divalent or poljn^alent group having the 
formula -X^-R^^-(X%-, wherein X^ is -C(=OK -C(=S)-, -O-, --S-, - 
N(RV or absent; X^^ is -C(K))-, -C(=SK or -N(R V and R^^ 

is -(Ci-8)alkylene-, branched -(Ci-8)alkylarie- or -(C6-io)aryl"; and c is 0 or 
an integer from 1 to about 10; and h is an integer from 1 to 6; 

each R^ independently is a group having the formula: 

-R^^^(R")rR^^-X^" . 

wherein R^^ is a sugar moiety; or a poly(alkylene oxide) or 
poly(alkylene imine) group having the formula ^(-X^-R^^)-; wherein R^^ 
is -(C2^)alkylene- or branched -(C3-4o)alkylene-; wherein each X^ is 
independoatly -C(=0)-, -C(^S)-, -0-, -S-, -N(R V or absent; each X* 
is independently -0-, or -N(RV; and f is an integer from about 2 to 
about 150; and d is from 1 to about 6; 

each R is independently a bond, -(Ci^)alkylene- or branched 

- to 

-(Ci^)al]<yleiie- groups, wherein each R is optionally substituted with 
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10 



one or more (e,g., 1, 2, or 3) functional groups; aad is -O, -S-j or - 
N(R')-; 

wWein n is 6xm 2 to 12; provided that a and b are not both zero; 
wherein each is independently selected fronoL the groiip consisting of 
hydrogen, and C(i.40)alkyl group, where the alkyl group can be a straight- 
chain or branched group; and and R'' are each independently hydrogen 
(Ci^)alkylj aryl, aryl(Ci-s)alkylene; and 

R^ is hydrogen, are -OH, -OR^, ^NR^, -CO2H, ^OM (suMb), - 
CH2-OH, -(:H2-0-aH2-R^rCH2-m^R^ or a targeting 

moiety; and e is from 1 to about 6. 



15 



4. A compound having formula (Q: 

R^<(RV(RV(RV(RV(R^)e)n 
wherein R} is a core comprising a polyacid moiety having the 

formula 

,15 >,>.^14 



R GOR 



(I) 



R^^OC 




COR 



14 



or 



R^'^OC CX^R*"* 




R'^OC COR 



14 



or a pentaefythritol polyol having Uie formula 



OR 



14 
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wherein each indepCTd^tly is a divalent or polyvalent ffoup 
having the formula -X -R*-(X- -)g-, wherein X^ and X^^ are independently 
-C(=0)-, -C(=S)-, -S-, -N(R^> or absqat, and each R^ is 
independently -(Ci_8)alkylene-, branched -(Ci.8)alkylene- or -(C6-io)aryi-; 
a is 0 or an integer from 1 to about 10; and g is an integer from 1 to about 
6; 

each R^ independently is a divalent dicarboxylic acid moiety having 
the formula -C(=0>R^-C(^)-, whorein R^ is an alkylene or 
cycloalkylene group containing from 1 to about 15 carbon atoms, 
substituted with a total of from 1 to about 10 hydroxy groups, wherein 
one or mpre of the hydroxy groig)S of the dicarboxylic acid are acylated 
with an add residue; and b is an integer from 1 to about 10; 

each R"* independently is a divalent or polyvalent group having the 
fonnula -X^-R^^-(X%-, wherein X^ is -C(K))-, -C(=S)-, -0-, -S-, - 
N(RV or absent; X^ is -qO)% -C(-S>, -0-, -S- or ~N(RV and R^° 
is -(Ci^)alkylene-, branched -(Ci-8)alkylene- or -(C6-io)aryl-; and c is 0 or 
an integer from 1 to about 10; and h is an integer from 1 to 6; 

each R^ independently is a group having the formula: 

-r^^-(r^VR^^-x^- 

wherein R^ 4s a sugar moiety; or a poly(alkylene oxide) or 
poly(alkylene imine) group having the fonnula -(-X^-R^^)-; wherein R^^ 
is -(C2-4o)alkylene- or branched -(C3^)alkylene-; wherein each X^ is 
independently -C(=0)-, -C(=S)^ -0-, -N(R V or absent; each X^ 
is independently -CK, or -N(R^)-; and f is an integer from about 2 to 
about ISO; and d is from 1 to about 6; 

each R^^ is independently a bond, -(Ci^)alkylene- or branched 
-(GMo)alkylene- groups, wherein each R^^ is optionally substituted with 
one or more (e.g., 1 , 2, or 3) functional groups; and X"* is -0-, -S-, or - 

n(rV; 
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wherein n is fiom 2 to 12; provided that a md b are not both zero; 
wh^ein each is indeip^eatly selected from the group consisting of. 
hydrogCTi, and C(i- 40)alkyl groiq), where the alkyl group can be a strai^t- 
chain or branched group; and and R^ are each indep^dently hydrogen 
(Ci-8)alkyl, ajyl, aryl(Ci-8)alkylene; and 

R^ is hydrogen, are -OH, -OR', -NR'R^ -CO2K, .SO3H (sulfo), - 
CHr^H, -CH2-OR^ -CH2-0-CH2-R',-CH2-NR'R^ or a targeting 
moiety; and e is from 1 to about 6. 

5. The compound of any one of claims 1 -4, wheretn R^ has the formula: 






15 



6. The compound of any one of claims 1^5 , wherein R has the formula: 

O 






7. The compound of any one of claims 1 -6, wh^ein R^ has the formula: 
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8. Hie compound of any one of claims 1-7, wherein the R^-R- combination 
has the formlila: 



^ o o o o 



or 



O o 



S 9. The compovmd of any one of claims 1-8, wherein has the fonnula 

O OR^^ O OR^®OR^®0 

OR^^O or OR^^OR^® 
v^erein each R^^ is an alkanoyl group having from 2 to about 24 
caibon atomSi 

10. The Gompound of any one of claims 1-9, wherein R is 



HO^ ^ ^ ^ "OH 
10 OR^^OR^^ 




11. The compound of any one of claims 1-10, wherein R^^ is an alkanoyl 
group having &oin about 6 to about 1 8 carbon atoms. 

12. The compound of any one of claims 1-11, wherein R* has from about 2 
15 carbons to about 20 carbons. 
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13. The compdiind of any one of claims 1-12, wherein has from about 3 
caibons to aibout 12 carbons. 

14. The compound of any one of claims 1-13, wherein the moeity has 
from about 4 carbons to about 10 carbons. 

5 15. The compound of any one of claims 1-3 or 5-14, wherein R^ is a 

cycloaliphatic polyol. 

16. The compound of any one of claims 1-15, wherein R^ is a polyadd 
having the fonnula 




or 




10 R^'^OC COR^"^ 

or a polyol having the fonnula 



R"0- 



or" ; 



wherein each R^"^ is -(RV(RV(RV(RV(R^)e; and wherein R^^ is 
hydrogen or (Ci-6)alkyl; and R^, R^, R^ R^ , a, b, c, and d, are as defined 
15 hereinabove. 

1 7. The compoimd of claim 1 6, where R^^ is alkyi. 

1 8. The compound of claim 17, where R^^ is methyl, ethyl , or propyl. 
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19. The compound of claim 1 8, where R^^ is methyl, or propyl. 

* 

20. The compound of any one of claims 1-16, wherein comprises a core 
having the formula: 

^« -OH 



HO- 



OH 



5 21 . The compound of any one of claims 1 -20, wherein R^ is — 

C(=0>CH2-CH2-S-. 

22. The compound of any one of claims 1-1 6 or 20-2 1 , wherein the R^-R"^ 
combination is pentaerythritol tetraids(3-mercaptopropionate). 

23. The compound of any of claims 1-16 or 20-22, wherein the R^ moeity 
10 comprises from about 2 to about 20 hydroxy groups. 

24. The compound of any one of claims 1 -1 6 or 20-23, wherein the R^ 
moeity comprises from about 2 to about 12 hydroxy groups. 

25. The compound of any one of claims 1-16 or 20-24, wherein the R* 
moeiQ^ comprises from about 2 to about 10 hydroxy groups. 

1 5 26. The compound of any one of claims 1 -25, wherein the R^ moeity is 

substituted with one or more carboxy groups. 

27. The compoimd of any of claims 1-26, wherein the R* moeity is 
substituted with two carboxy groups. 

28. The compound of any one of claims l-27,wherein the R^ moeity is 
20 substituted with one carboxy group. 

29. The compound of any one of claims 1-28, wherein R"^ has the formula: 
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30. The compound of any one of claims 1-29, wherein has the formula: 

wherein R'^ is a 1 to 20 carbon straight-chain or branched alkyl 
5 group, 

. wherein each R^^ is optionally substituted with one or more 
functional groups selected from the group consisting of -OH, -OR*, - 
NR'R^ -CO2H, -S03H,^Hr-0R", -CH2-0-CH2^R^ -CH2CO2H, - 
CH2SO3H, -0-C(=0)-CH2-CH2-C(K))-0- or-CH2-NR^R^ 
10 Q is -0-, -S-, and -NR^- ; and 

R^^ is a 1 to 10 carbon straightrchain or branched divalent alkylene 
group; 

R'andR*' are each independently hydrogen (Ci.6)alkyl, aryl, 
aryl(Ci.8)aIkylene 
15 f is an integer from 2 to 150, inclusive. 

31. The compound of any one of claims 1-31, wherein the R^ is a 
polyethylene ether having between about 2 and about 110 alkylene oxide 
repeating units. 

32. The compound of any one of claims 1-31, wherein the alkylene oxide 
20 units containing from 2 to about 1 0 carbon atoms and may be straight 

chained or branched. 

33. The compovmd of any one of claims 1-31, wherein the alkylene oxide 
units contain from 2 to 4 carbon atoms and may be straight chained or 
branched. 



46 



wo 03/005959 



PCT/US02/21923 



34. The compound of any one of claims 1-31 wherein is linked to R- 
through an ester, thioester, or amide linkage. 

35. The compoimd of any one of claims 1-31 wherein R^ is linked to R^ 
through an ester or amide linkage. 

5 36. The compound of any one of claims 1*29, wherein R^ has the formula: 

-r^^-(N(rVr^Vr^^-, 

wherein each R^^ and R^^ are independently a 1 to 20 carbon 
straight-chain of branched alkyl group, 

wherein each R^^ is optionally substituted with one or more 
10 functional groups selected from the group consisting of -OH, -OR^ — 

NR*R^ -CO2H, -S03H,-CHr-0R^ -CH2-0-CH2-R\ -CH2CO2H, - 
CH2SO3H, .O.C(=0)-CH2-CH2-C(=0)-0- or -CH2-NR^R^ 

Q is -S-, and -NR^- ; and 

R is a 1 to 10 carbon straight-chain or branched divalent alkylene 
1 5 group; 

R^andR^ are each independmtly hydrogen (Ci-6)alkyl, aryl, 
aryl(Ci-8)alkylene 

f is an integer from 2 to ISO, inclusive. 

37. The compound of any one of claims 1-29 or 36, wherein R^ is a 

20 polyethylene imine having between about 2 and about 110 repeating 

units. 

38. The compound of any one of claims 1-29 or 36-37, wherein the 
polyethylene imine has units contain from 2 to about 10 carbon atoms. 

39. The compound of any one of claims 1-38, wherein R^ is alkyl, aryl, 
25 biotin, streptavidin, sugar moieties, foUc add, amino acids or peptides. 
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40. The compound of any one of claims 1 -39, wherein is the pq>tide Arg- 
Giy-Asp (R-G-D) or Tyr-ne-Gly-Ser-Arg (Y-I-G-S-R). 

41 . The compound of any one of claiixis 1-40, wherein is biotin 

42. The compound of any one of claims 1 -41 , wherein the acid residue 
comprises from about 2 to about 24 carbon atoms. 

43. The con^^und of any one of claims 1-42, wherein the acid residue 
comprises from about 6 to about 18 carbon atoms. 

44. The compound of claim 1 wherein the acid residue comprises caprylic, 
capric, lauric, myristic, myristoleic, palmitic, pdmitoleic, stearic, oleic,, 
linoleic, eleostearic, arachidic, behenic, erucic acid, or a mixture thereof 

45. The compound of any of claims 1-44, wherein the functional groups are - 
OH, -ORa, -NRaRb, -C02H, -S03H (sulfo), -CH2-OH, -CH2--ORa, 

. -CH2.0-CH2.Ra, or -CH2-NRaRb. 

46. An encapsulate comprising a molecule surrounded or partially 
surrounded by at least one compound of formula (I), as described in any 
one of claims 1-45. 

47. An encapsulate comprising a therapeutic agent surrounded or partially 
surrounded by at least one compound of formula (1), as desoibed in any 
one of claims 1-45. 

48. A composition comprising at least one compound of formula (I) as 
described in any one of claims 1-45 in a solvent. 

49. The composition of claim 48, wherein the solvent comprises an organic 
solvent 

50. The composition of claim 48, wherein the solvent comprise water. 

48 



wo 03/005959 PCTAJS02/21923 



5 1 . The composition of claim 48, wherein the solvent is water. 

52. A method for preparing an encapsulate as described in claim 47, 
comprising combining at least one compound of formula (I), as described 

in any one of claims 1-45, and a molecule in a solvent; and allowing the 
5 compound of formula (I) to aggregate around the molecule, to provide 

the encapsulate 

53. A pharmaceutical composition comprising an encapsulate as d^c^ed in 
claim 45; and a pharmaceutically acceptable carrier. 

54. A method for delivering a therapeutic agent to an animal in need of 
10 treatment with the agent comprising administering an encapsulate as 

described in claim 45 to the animal. 
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